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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to internal com-
bustion engines, and more particularly to engines using
rotary valves.
[0002] Internal combustion engines are well known
and are used in various applications. For example, inter-
nal combustion engines are used in automobiles, farm
equipment, lawn mowers, and watercraft. Internal com-
bustion engines also come in various sizes and config-
urations, such as two stroke or four stroke and ignition
or compression.
[0003] Typically, internal combustion engines (FIG. 1)
include a multitude of moving parts, for example, they
include intake and exhaust valves, rocker arms, springs,
camshafts, connecting rods, pistons, and a crankshaft.
One of the problems with having a multitude of moving
parts is that the risk of failure increases (particularly in
the valve train) and efficiency decreases due to frictional
losses. Special lubricants and coatings may be used to
reduce friction and certain alloys may be used to prevent
failure; however, even with these enhancements, the risk
of failure and the frictional losses remain high. Addition-
ally, when valve trains fail, repairing the broken valve
train can be time intensive and require special tools,
thereby making it very difficult to repair in the field.
[0004] Accordingly, there remains a need for a valve
train for an internal combustion engine with low friction,
good reliability, a small number of parts, and capable of
being replaced and/or repaired in the field quickly and
easily.
[0005] In the related art, documents DE 25 10 102 A1
and US 2016/222840 A1 show examples of rotary valve
apparatuses.

BRIEF SUMMARY OF THE INVENTION

[0006] This need is addressed by the present inven-
tion, which provides a valve train made up of individual
rotating valve assemblies that may be removed one at a
time and replaced with new rotating valve assemblies
quickly and easily.
[0007] The present invention is defined according to
the independent claims. Additional features will be ap-
preciated from the dependent claims and the description
herein. Any embodiments which are described but which
do not fall within the scope of the claims are to be inter-
preted merely as examples useful for a better under-
standing of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention may be best understood by ref-
erence to the following description taken in conjunction
with the accompanying drawing figures in which:

FIG. 1 is a schematic cross-sectional view of a prior
art internal combustion engine;

FIG. 2 is a schematic perspective of an internal com-
bustion engine constructed in accordance with an
aspect of the present invention;

FIG. 3 is a cross-sectional view of the internal com-
bustion engine of FIG. 1;

FIG. 4 is an exploded perspective view of a cylinder
head assembly of the engine shown in FIG. 2;

FIG. 5 is a bottom plan view of a lower section of the
cylinder head assembly of FIG. 4;

FIG. 6 is a bottom plan view of an upper section of
the cylinder head assembly of FIG. 4;

FIG. 7 is an exploded view of a rotating valve as-
sembly;

FIG. 8 is an exploded view of a rotating valve as-
sembly;

FIG. 9 is a bottom plan view of an upper section of
the cylinder head assembly;

FIG. 10 is a schematic view of a portion of the engine
in operation, during an intake stroke;

FIG. 11 is a schematic view of a portion of the engine
in operation, during a compression stroke;

FIG. 12 is a schematic view of a portion of the engine
in operation, during a power stroke; and

FIG. 13 is a schematic view of a portion of the engine
in operation, during an exhaust stroke.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Referring to the drawings wherein identical ref-
erence numerals denote the same elements throughout
the various views, FIGS. 2 and 3 illustrate an exemplary
internal combustion engine 10 constructed according to
an aspect of the present invention.
[0010] The illustrated example is an eight-cylinder en-
gine 10 of vee configuration, commonly referred to as a
"V-8", with two banks of four cylinders set 90 degrees to
each other. However, it will be understood that the prin-
ciples of the present invention are applicable to any in-
ternal combustion engine, for example engines running
various cycles such as Otto or Diesel cycles, or similar
machines requiring valves to open and close fluid flow
ports.
[0011] The engine includes a block 12 which serves
as a structural support and mounting point for the other
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components of the engine 10. Generally cylindrical cyl-
inder bores 14 are formed within the block 12. As noted
above, the cylinder bores 14 are arranged in two longi-
tudinal cylinder banks 16 of four cylinder bores 14 each.
A crankshaft 18 having offset crankpins 20 is mounted
in the block 12 for rotation in suitable bearings. A piston
22 is disposed in each cylinder bore 14, and each piston
22 is connected to one of the crankpins 20 by a piston
rod 24. The crankshaft 18, piston rods 24, and pistons
22 collectively define a rotating assembly 26. In opera-
tion, gas pressure in the cylinder bores 14 causes linear
movement of the pistons 22, and the rotating assembly
26 is operable in a known manner to convert linear move-
ment of the pistons to rotation of the crankshaft.
[0012] The engine includes one cylinder head assem-
bly 28 attached to each cylinder bank 16. The cylinder
head assembly 28 has a generally concave combustion
chamber 30 formed therein corresponding to and aligned
with each cylinder bore 14. Collectively, each cylinder
bore 14 and the corresponding combustion chamber 30
defines a cylinder 32.
[0013] The cylinder head assembly 28 has a plurality
of intake ports 34 formed therein; each intake port 34
extends from one of the combustion chambers 30 to an
intake plane 36 at an exterior surface of the cylinder head
assembly 28. As will be described in detail below, an
intake valve barrel 38 of a rotating valve assembly 39,
FIGS. 4 and 6, is disposed across each intake port 34
and includes an intake aperture 40 passing therethrough.
The intake port 34, intake valve barrel 38, and intake
aperture 40 are arranged such that in a first angular ori-
entation of the intake valve barrel 38, fluid flow is permit-
ted between the intake plane 36 and the combustion
chamber 30, and at a second angular orientation of the
intake valve barrel 38, fluid flow is blocked between the
intake plane 36 and the combustion chamber 30.
[0014] The cylinder head assembly 28 also includes a
plurality of exhaust ports 42 formed therein; each exhaust
port 42 extends from one of the combustion chambers
30 to an exhaust plane 44 at an exterior surface of the
cylinder head assembly 28. As will be described in detail
below, an exhaust valve barrel 46 of a rotating valve as-
sembly 47, FIG. 4, is disposed across each exhaust port
42 and includes an exhaust aperture 48 passing there-
through. The exhaust port 42, exhaust valve barrel 46,
and exhaust aperture 48 are arranged such that in a first
angular orientation of the exhaust valve barrel 46, fluid
flow is permitted between the exhaust plane 44 and the
combustion chamber 30, and at a second angular orien-
tation of the exhaust valve barrel 46, fluid flow is blocked
between the exhaust plane 44 and the combustion cham-
ber 30.
[0015] The engine 10 includes a fuel delivery system
50 which is operable to receive an incoming airflow, meter
a hydrocarbon fuel such as gasoline into the airflow to
generate a combustible intake mixture, and deliver the
intake mixture to the cylinders 32.
[0016] The fuel delivery system 50 may be continuous

flow or intermittent flow, and the fuel injection point may
be at the individual cylinders 32 or at an upstream loca-
tion. Optionally the fuel injection point may be within the
cylinders 32, a configuration commonly referred to as
"direct injection", in which case the intake ports 34 deliver
only air to the cylinders 32. Known types of fuel delivery
systems include carburetors, mechanical fuel injection
systems, and electronic fuel injection systems. The spe-
cific example illustrated is an electronic fuel injection sys-
tem with one intake runner 52 connected to each intake
port 34.
[0017] The engine 10 includes an ignition system com-
prising one or more spark plugs 54 mounted in each com-
bustion chamber 30, to ignite the intake mixture. An ap-
propriate ignition power source is provided, such as a
conventional Kettering ignition system with a coil and dis-
tributor, or a direct ignition system with a trigger module
and multiple coils. The ignition power source is connect-
ed to the spark plugs 54, for example with leads 56.
[0018] FIG. 4 is an exploded view of one of the cylinder
head assemblies 28. The cylinder head assembly 28 in-
cludes one or more stationary components that are con-
figured to be mounted to the cylinder bank 16 and to
enclose the operating parts. The cylinder head assembly
28 includes a cylinder head 57. In the illustrated example,
the cylinder head 57 is made up of a lower section 58
attached to an upper section 60 with bolts. Alternatively,
the cylinder head 57 could be made from a single block.
[0019] The lower section 58 is a block-like element
which may be formed by casting or machining from billet.
It includes an exterior surface 62 which incorporates the
combustion chambers 30 (see FIG. 5), and an opposed
interior surface 64. Adjacent the interior surface 64, the
lower section 58 has a plurality of intake valve assembly
recesses 66 formed therein, arranged in a longitudinal
line. Each intake valve assembly recess 66 communi-
cates with an intake opening 68. A plurality of semi-cy-
lindrical bearing recesses 70 alternate with the intake
valve assembly recesses. The lower section 58 also has
a plurality of exhaust valve assembly recesses 72 formed
therein, arranged in a longitudinal line. Each exhaust
valve assembly recess 72 communicates with an exhaust
opening 74 (see FIG. 3). A plurality of semi-cylindrical
bearing recesses 70 alternate with the exhaust valve as-
sembly recesses 72.
[0020] The upper section 60 is also a block-like ele-
ment which may be formed by casting or machining from
billet. It includes an exterior surface 76, and an opposed
interior surface 78 which mates with the interior surface
64 of the lower section 58. The intake ports 34 described
above are formed as part of the upper section 60. Adja-
cent the interior surface 78, the upper section 60 has a
plurality of intake valve assembly recesses 69 formed
therein, arranged in a longitudinal line (see FIG. 6). Each
intake valve assembly recess 69 communicates with one
of the intake ports 34. A plurality of semi-cylindrical bear-
ing recesses 70 alternate with the intake valve assembly
recesses 69. The lower section 58 also has a plurality of
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exhaust valve assembly recesses 71 formed therein, ar-
ranged in a longitudinal line. Each exhaust valve assem-
bly recess 71 communicates with one of the exhaust ports
42. A plurality of semi-cylindrical bearing recesses 70
alternate with the exhaust valve assembly recesses 71.
The intake valve assembly recesses 66 and 69 collec-
tively define an intake valve assembly pocket and the
exhaust valve assembly recesses 71 and 72 define an
exhaust valve assembly pocket when the lower 58 and
upper 60 sections are mated together.
[0021] Provisions may be incorporated for liquid cool-
ing all or part of the cylinder head 57. In the illustrated
example, the upper section 60 includes a hollow interior
chamber (not shown) disposed between the interior sur-
face 78 and the exterior surface 76. A series of coolant
inlet holes 77 (FIG. 6) are formed in the interior surface
78 and communicate with the interior chamber. A coolant
outlet 79 (see FIG. 4) is formed in the exterior surface
76. In operation, a suitable liquid coolant, such as water
or water mixed with an antifreeze agent, is supplied to
the coolant inlet holes 77 through matching coolant trans-
fer holes 81 in the interior surface 64 of the lower section
58. The coolant circulates through the interior chamber,
absorbing heat, and is then passed out through the cool-
ant outlet 79. It may then be cooled, for example using
a conventional radiator (not shown), and recirculated for
reuse.
[0022] The lower section 58 and upper section 60 re-
ceive a plurality of intake valve assemblies 39 and a plu-
rality of exhaust valve assemblies 47. It should be ap-
preciated that for a single cylinder engine, a single intake
valve assembly 39 and a single exhaust valve assembly
47 would be used. The valve assemblies 39 and 47 are
generally similar in construction to each other, with the
intake valve assembly 39 being slightly larger in scale.
The construction of the intake valve assembly 39 will be
described in detail, with the understanding that the details
are applicable to both of the valve assemblies 39, 47.
[0023] Referring to FIG. 7, the intake valve assembly
39 includes a housing 83 for receiving the intake valve
barrel 38 therein. Each intake valve barrel 38 is a gen-
erally cylindrical element with an annular peripheral sur-
face 84 extending between forward and aft end faces 86,
88. An intake aperture 40 extends transversely through
the intake valve barrel 38, communicating with the pe-
ripheral surface 84 on opposite sides. The cross-section-
al flow area of the aperture 40 is constant over its length.
In the illustrated example, the intake aperture 40 has a
"racetrack" cross-sectional shape, with two parallel sides
connected by two semicircular ends. Other cross-sec-
tional shapes may be used. An intake valve shaft 80A is
formed by coupling a plurality of intake valve assemblies
39 together using coupling 41. Likewise an exhaust valve
shaft 80B is formed by coupling a plurality of exhaust
valve assemblies 47 together using coupling 43. The cou-
plings 41, 43 are designed to permit each valve assembly
39 or 47 to be removed from the respective valve shaft
80A, 80B one at a time for easy replacement.

[0024] The lateral dimension of the intake aperture 40
(perpendicular to axis 82), the diameter of the intake
valve barrel 38, and the rotational speed of the intake
valve shaft 80A relative to the crankshaft speed all effect
the valve open time or "duration", and these effects are
inter-related. This is also true for the exhaust valve bar-
rels 46. These variables may be manipulated in order to
adapt the intake valve shaft 80A and/or exhaust valve
shaft 80B to suit a particular application. For example,
the intake valve barrels 38 could be a different diameter
than the exhaust valve barrels 46. In one non-limiting
example, the ratio of the diameter of the intake valve
barrels 38 to the diameter of the exhaust valve barrels
46 could be about 1:1 to about 4:1.
[0025] The intake valve barrel 38 may be made from
a rigid, wear-resistant material such as a metal alloy or
ceramic. A wear coating such as ceramic or carbide may
be applied to all or part of the intake valve barrel 38,
particularly the peripheral surface 84, to improve its wear
properties.
[0026] Optionally, longitudinal holes 92 or other open-
ings may be formed in the intake valve barrel 38 extend-
ing between the forward and aft end faces 86, 88. These
holes 92 may be used to reduce the mass of the intake
valve barrel 38, for balancing purposes, and/or to provide
a cooling air flow.
[0027] A cylindrical forward stub shaft 94 extends from
the forward end face 86, and a cylindrical aft stub shaft
96 extends from the aft end face 88.
[0028] The stub shafts 94, 96 may include mating me-
chanical alignment features to transfer torque between
two adjacent intake valve barrels 38 and to maintain a
specific angular relationship therebetween. It will be un-
derstood that the intake aperture 40 of each intake valve
barrel 38 must have a specific angular orientation which
is dependent on the cylinder firing sequence of the engine
10. The mechanical alignment feature described above
may be configured so that any intake valve barrel 38 may
be used in any location within the intake valve shaft 80A,
that is, the mechanical alignment feature may accommo-
date multiple angular alignments, or alternatively the me-
chanical alignment feature may be configured to produce
only a single angular alignment, in which case each in-
take valve barrel 38 would need to be placed in a specific
location within the intake valve shaft 80A.
[0029] Seals 102 are positioned on each stub shaft 94,
96 and pressed into apertures 104, 106 of the housing
83 to provide sealing along ends of the valve barrel 38.
The housing 83 also includes an open top 108 and an
open bottom 110 to receive valve seal assemblies 112.
As shown, the housing 83 includes an internal cavity 109
in fluid communication with the open top 108 and open
bottom 110 as well as apertures 104 and 106. As shown,
the housing 83 is of a rectangular configuration to match
a size and shape of valve assembly recesses 66 and 72
of the cylinder head 57 and provide a tight fit therein;
however, it should be appreciated that the housing 83
and valve assembly recesses 66 and 72 may have other
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suitable matching configurations. As illustrated, the valve
seal assemblies 112 are used in both the open top 108
and open bottom 110; thus, only a single assembly will
be discussed.
[0030] The seal assembly 112 includes a seal 114 hav-
ing a concave valve barrel mating surface 116, an aper-
ture 118 having a size (within 10%) and shape substan-
tially equal to the intake aperture 40 to permit flow there-
through, and a backer plate 120. The seal 114 may be
made of any suitable material capable of providing a seal
and wear resistance such as a graphite material. The
backer plate 120 includes a ring seal slot 122 for receiving
ring seal 124 therein. Ring seal 124 provides additional
sealing to prevent gases from escaping between the
backer plate 120 and cover 126. Ring seal 124 may have
suitable cross-sectional shape to allow the ring seal 124
to contract and expand during operation, thereby allow-
ing the seal 114 to float along the barrel 38 as it expands
during operation from heat. For example, the ring seal
124 may have a c-shaped cross section.
[0031] Cover 126 includes a corresponding ring seal
slot 128 for receiving the ring seal 124 therein and com-
pressing the seal 124 between the backer plate 120 and
the cover 126 when assembled. Cover 126 also includes
an aperture 130 extending therethrough to allow gases
to flow through the barrel 38, the seal 114 and the cover
126 from the intake port 34 into combustion chamber 30
(i.e. in fluid communication). The cover 126 further in-
cludes a housing slot 132 for receiving housing projection
134 (continuous projections around a periphery of the
open top 108 and open bottom 110) therein, thereby se-
curing the cover 126 to the housing 83 and maintaining
the seal assembly 112 in the open top 108 or open bottom
110.
[0032] Referring to FIGS. 8 and 9, intake valve assem-
bly 239 is shown. The following description would also
apply to an exhaust valve assembly. Like intake valve
assembly 39, intake valve assembly 239 includes a hous-
ing 283; an intake valve barrel 238 having a peripheral
surface 284 extending between forward and aft end faces
286, 288, an intake aperture 240 extending transversely
through the intake barrel 238, and forward and aft stub
shafts 294, 296; seals 202 positioned on each stub shaft
294, 296; and a seal assembly 212 with seal 214 having
mating surface 216, aperture 218, and a backer plate
220. Unlike intake valve assembly 39, intake valve as-
sembly 239 does not include covers 126.
[0033] As shown, seals 202 incorporate a bearing sur-
face 304; however, it should be appreciated that other
types of bearings may be used to allow the valve barrel
238 to rotate relative to the cylinder head 57. For exam-
ple, other suitable bearings may be roller bearings.
[0034] The backer plate 220 includes a raised ridge
298 extending from a rear surface 300 of the backer plate
220. The ridge 298 is adapted for mating engagement
with recesses 302 formed in the upper 60 and lower 58
sections of the cylinder head 57. For clarity, only the up-
per section 60 is shown. The mating engagement be-

tween the ridge 298 and recesses 302 provides a laby-
rinth-type arrangement which disperses pressure from
the cylinder during combustion, thereby reducing the
amount of pressure seen by ring seal 124. Further, as
pressurized gas migrates through the labyrinth-type ar-
rangement created by the recesses 302 and ridge 298,
a small amount of residual gas is trapped and presses
against the ridge 298. This causes the seal 214 to be
pressed against the valve barrel 238, thereby increasing
sealing between the seal 214 and peripheral surface 284
of the valve barrel 238.
[0035] As illustrated, recesses 306 are also formed in
the upper 60 and lower 58 sections of the cylinder head
57. Recess 306 surrounds recess 302 and is adapted to
receive ring seal 124 therein. Thus, unlike valve assem-
bly 39, ring seal 124 is not sandwiched between the back-
er plate 220 and a cover; rather, when installed, ring seal
124 is compressed between the rear surface 300 of the
backer plate 220 and the recess 306 of the cylinder head
57 and is positioned around the raised ridge 298.
[0036] For clarity, only valve assemblies 39 and 47 are
discussed below; however, it should be appreciated that
the general description also applies to valve assembly
239. In use, valve assemblies 39 and 47 are assembled
and pre-packaged for use. When one of the valve as-
semblies 39, 47 fail, a user simply decouples the failed
valve assembly 39, 47 from the respective valve shaft
80A, 80B and replaces the failed valve assembly 39, 47
with a new valve assembly 39, 47 which simply drops
into a respective valve assembly recess 66, 72 and cou-
ples the valve assembly 39, 47 to the shaft 80A, 80B.
[0037] In the assembled engine, a drive assembly 140
(FIG. 2) is provided for each valve shaft 80A, 80B. The
drive assembly 140 may be adjustable. More specifically,
the relative angular position may be variable. As shown
in FIG. 2, one drive assembly 140 may be provided for
each valve shaft 80. A first drive belt 144 connects the
two drive assemblies 140 of one cylinder bank 16 with
an idler pulley 146, and a second drive belt 148 connects
the idler pulley 146 to a crank pulley 150 of the engine
10. The crank pulley 150, idler pulleys 146, and drive
assemblies 140 are sized such that each valve shaft 80
rotates at one-quarter of the rotational speed of the crank-
shaft 18, or in other words the drive arrangement provides
a 4:1 speed reduction. In the illustrated example, the sec-
ond drive belt 148 connects the idler pulley 146 to the
crankshaft at a 2:1 drive ratio (i.e. the idler pulley 146
runs at half crankshaft speed), and the first drive belt 144
connects the drive assemblies 140 to the idler pulley 146
at a 2:1 drive ratio (i.e. the drive assemblies run at half
the idler pulley speed). Optionally, one or more of the
drive assemblies 140 may incorporate an active adjust-
ment mechanism (not shown) of a known type, for ex-
ample under control by an electronic control unit (not
shown). This type of device is commonly referred to as
a "cam phaser". This device may be used to actively con-
trol the angular orientation or phase of one or both of the
valve shafts 80A, 80B relative to the crankshaft 18. This
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capability is useful for actively controlling operating char-
acteristics of the engine 10 during operation. In a Diesel
cycle engine, this capability could be used to serve the
function of a compression brake, by selectively advanc-
ing the intake valve shaft 80A when braking is desired.
[0038] The operation of the engine 10 will be described
with reference to FIGS. 10 through 13, which schemati-
cally depict a single cylinder 32 of the engine 10. As noted
above, the intake valve shaft 80A and exhaust valve shaft
80B are driven by belts or other suitable drive apparatus
and rotate at one-quarter of the rotational speed of the
crankshaft 18. During the four strokes of the engine 10
using a conventional Otto cycle, the intake valve shaft
80A and exhaust shaft 80B continuously rotate to position
their respective apertures 40, 48 in the proper position
relative to the ports 34, 42. As shown, during the intake
stroke (FIG. 10), the intake aperture 40 of the intake valve
shaft 80A is substantially aligned with the intake port 34
to allow air into the combustion chamber 30. The exhaust
aperture 48 of the exhaust valve shaft 80B is positioned
such that exhaust valve shaft 80B closes the exhaust
port 42 and air or gas is prevented from escaping the
combustion chamber 30 through the exhaust port 42.
During the compression stroke, FIG. 11, the apertures
40 and 48 of the intake and exhaust valve shafts 80A
and 80B are both rotated to close off the intake port 34
and exhaust port 42. During the power stroke, FIG. 12,
the apertures 40 and 48 of the intake and exhaust shafts
80A and 80B continue to keep the intake and exhaust
ports 34, 42 closed. Finally, during the exhaust stroke,
FIG. 13, the intake valve shaft 80A continues to close
the intake port 34 and the exhaust valve shaft 80B is
positioned such that the exhaust port 42 is now opened
by substantially aligning the exhaust aperture 48 with the
exhaust port 42. The cycle then continues. During this
process, there may be overlap of the openings of the
valve shafts 80A and 80B similar to valve overlap in a
conventional poppet-valve engines. For example, the in-
take port 34 may start opening as the exhaust port 42
begins to close, such that the intake port 34 and exhaust
port 42 are both open for some period of time. This over-
lap can be beneficial in accelerating filling of the cylinder
32 with the intake mixture. As noted above, the angular
separation of the apertures 40 and 48 may be adjusted
to change the timing of valve events and the degree of
overlap.
[0039] The apparatus described above has several ad-
vantages over the prior art. The rotary valve structure
has significantly lower parts count and frictional losses
as compared to a conventional poppet valve-train. The
rotary valve structure also has the potential to be much
more reliable than a conventional valve-train because it
does not require reciprocating movement and does not
rely on highly-stressed valve springs for operation at high
engine speeds.
[0040] Furthermore, the sealing assembly described
herein will provide effective sealing of the rotating valve
assembly while permitting low mechanical loads and long

component life.
[0041] It will be understood that the present invention
may be implemented as a complete engine, or that the
cylinder head assemblies described herein may be ret-
rofitted to an existing internal combustion engine.
[0042] The foregoing has described an engine with ro-
tating valve assembly. All of the features disclosed in this
specification (including any accompanying claims, ab-
stract and drawings), and/or all of the steps of any method
or process so disclosed, may be combined in any com-
bination, except combinations where at least some of
such features and/or steps are mutually exclusive.
[0043] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.
[0044] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
process so disclosed. The scope of protection is defined
by the appended claims.

Claims

1. A valve assembly (39, 47), comprising:

a housing (83) configured for receipt into a cyl-
inder head (57) of an engine, the housing (83)
having an internal cavity (109), an open top
(108), an open bottom (110), and first and sec-
ond spaced-apart and axially aligned apertures
(104, 106), the open top (108), open bottom
(110) and axially aligned apertures (104, 106)
being in fluid communication with the internal
cavity (109);
a valve barrel (38, 46) positioned in the internal
cavity (109) by sliding through the axially aligned
apertures (104, 106) and adapted for rotation
therein, the valve barrel (38, 46) having an an-
nular peripheral surface (84) and an aperture
(40, 48) extending transversely therethrough
communicating with the peripheral surface (84)
on opposite sides;
a first seal assembly (112) positioned in the open
top (108) and a second seal assembly (112) po-
sitioned in the open bottom (110), wherein the
first and second seal assemblies (112) each in-
clude a seal (114) having a sealing surface (116)
in mating engagement with the peripheral sur-
face (84) and an aperture (118) extending there-
through, the aperture (118) having a size and
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shape substantially equal to the aperture (40,
48) in the valve barrel (38, 46) to permit flow
therethrough; and
wherein when the aperture (40, 48) of the valve
barrel (38, 46) is in alignment with the apertures
of the first and second seal assemblies, gas is
permitted to flow through the valve assembly
(39, 47).

2. The valve assembly (39, 47) according to claim 1,
wherein the valve barrel (38, 46) further includes a
first stub shaft (94) extending from a forward end
face of the valve barrel (38, 46) and a second stub
shaft (96) extending from an aft end face of the valve
barrel (38, 46).

3. The valve assembly (39, 47) according to claim 2,
wherein the first and second stub shafts (94, 96) in-
clude mating mechanical alignment means to trans-
fer torque between two adjacent valve barrels (38,
46) and maintain a specific angular relationship ther-
ebetween.

4. The valve assembly (39, 47) according to claim 1,
further including a first seal positioned in the first ax-
ially aligned aperture (104) and a second seal posi-
tioned in the second axially aligned aperture (106)
to provide sealing of the apertures.

5. The valve assembly (39, 47) according to claim 1,
wherein each of the first and second seal assemblies
further include a backer plate (120) connected to the
seal.

6. The valve assembly (39, 47) according to claim 5,
further including first and second ring seals (124),
wherein the first ring seal (124) is positioned between
the first seal assembly backer plate (120) and a first
cover (126) of the valve assembly (39, 47) and the
second ring seal (124) is positioned between the sec-
ond seal assembly backer plate (120) and a second
cover (126) of the valve assembly (39, 47).

7. The valve assembly (39, 47) according to claim 5,
further including first and second ring seals (124),
wherein the first ring seal (124) is positioned around
a first raised ridge of the first seal assembly backer
plate (120) and the second ring seal (124) is posi-
tioned around a second raised ridge of the second
seal assembly backer plate (120).

8. The valve assembly (39, 47) according to claim 7,
wherein the first ring seal (124) is positioned between
the first seal assembly backer plate (120) and a lower
section (58) of a cylinder head (28) and the second
ring seal (124) is positioned between the second seal
assembly backer plate (120) and an upper section
(60) of the cylinder head (28).

9. The valve assembly (39, 47) according to claim 6,
wherein the first seal assembly backer plate (120)
and first cover (126) each include a recess for re-
ceiving the first ring seal (124) and the second seal
assembly backer plate (120) and second cover (126)
each include a recess for receiving the second ring
seal (124).

10. The valve assembly (39, 47) according to claim 8,
wherein the lower section and upper section each
include an inner recess for receiving the first and
second raised ridges therein and an outer recess for
receiving the first and second ring seals (124) there-
in.

11. A valve shaft (80A, 80B) formed by coupling together
a plurality of valve assemblies (39, 47) according to
any of claims 1 to 10.

12. A cylinder head assembly (28), comprising:

at least one intake valve assembly pocket de-
fined by upper and lower cylinder head sections
(60, 58) and at least one exhaust intake valve
assembly pocket defined by the upper and lower
cylinder head sections (60, 58);
at least one intake valve assembly (39) posi-
tioned in the at least one intake valve assembly
pocket and at least one exhaust valve assembly
(47) positioned in the at least one exhaust valve
assembly pocket, the at least one intake valve
assembly (39) and at least one exhaust valve
assembly (47) each configured according to any
of claims 1 to 10:

a housing (83) having an internal cavity
(109), an open top (108), and an open bot-
tom (110), the open top (108) and open bot-
tom (110) being in fluid communication with
the internal cavity (109);
a valve barrel (38, 46) positioned in the in-
ternal cavity (109) and adapted for rotation
therein, the valve barrel (38, 46) having an
annular peripheral surface (84) and an ap-
erture extending transversely therethrough
communicating with the peripheral surface
(84) on opposite sides;
a first seal assembly (112) positioned in the
open top (108) and a second seal assembly
(112) positioned in the open bottom (110),
wherein the first and second seal assem-
blies each include a seal having a sealing
surface in mating engagement with the pe-
ripheral surface (84) and an aperture ex-
tending therethrough, the aperture having
a size and shape substantially equal to the
aperture in the valve barrel (38, 46) to permit
flow therethrough; and
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wherein when the aperture of the valve bar-
rel (38, 46) is in alignment with the apertures
of the first and second seal assemblies, gas
is permitted to flow through the valve as-
sembly (39, 47).

13. The cylinder head assembly (28) according to claim
12, wherein the cylinder head assembly (28) further
includes a combustion chamber having an intake
opening and an exhaust opening, an intake port (34),
and an exhaust port, the at least one intake valve
assembly (39) being positioned between the intake
opening and the intake port (34) and the at least one
exhaust valve assembly (47) being positioned be-
tween the exhaust opening and the exhaust port.

14. The cylinder head assembly (28) according to claim
12, wherein each of the at least one intake valve
assembly (39) and at least one exhaust valve as-
sembly (47) further include a first backer plate (120)
connected to the first seal and a second backer plate
(120) connected to the second seal.

15. The cylinder head assembly (28) according to claim
14, wherein each of the at least one intake valve
assembly (39) and at least one exhaust valve as-
sembly (47) further including first and second ring
seals (124), wherein the first ring seal (124) is posi-
tioned between the first seal assembly backer plate
(120) and a first cover (126) of the valve assembly
(39, 47) and the second ring seal (124) is positioned
between the second seal assembly backer plate
(120) and a second cover (126) of the valve assem-
bly (39, 47).

Patentansprüche

1. Ventilanordnung (39, 47), umfassend:

ein Gehäuse (83), das zur Aufnahme in einem
Zylinderkopf (57) eines Motors konfiguriert ist,
wobei das Gehäuse (83) einen inneren Hohl-
raum (109), eine offene Oberseite (108), eine
offene Unterseite (110) und erste und zweite be-
abstandete und axial ausgerichtete Öffnungen
(104, 106) aufweist, wobei die offene Oberseite
(108), die offene Unterseite (110) und die axial
ausgerichteten Öffnungen (104, 106) in Fluid-
verbindung mit dem inneren Hohlraum (109)
stehen;
eine Ventiltrommel (38, 46), die in dem inneren
Hohlraum (109) durch Gleiten durch die axial
ausgerichteten Öffnungen (104, 106) angeord-
net und für eine Drehung darin geeignet ist, wo-
bei die Ventiltrommel (38, 46) eine ringförmige
Umfangsoberfläche (84) und eine Öffnung (40,
48) aufweist, die sich quer durch sie hindurch

erstreckt und mit der Umfangsoberfläche (84)
an gegenüberliegenden Seiten in Verbindung
steht;
eine erste Dichtungsanordnung (112), die in der
offenen Oberseite (108) angeordnet ist, und ei-
ne zweite Dichtungsanordnung (112), die in der
offenen Unterseite (110) angeordnet ist, wobei
die ersten und zweiten Dichtungsanordnungen
(112) jeweils eine Dichtung (114) mit einer Ab-
dichtungsoberfläche (116) in passendem Ein-
griff mit der Umfangsoberfläche (84) und einer
sich durch diese hindurch erstreckenden Öff-
nung (118) einschließen, wobei die Öffnung
(118) eine Größe und Form aufweist, die im We-
sentlichen gleich der Öffnung (40, 48) in der
Ventiltrommel (38, 46) ist, um einen Strom durch
diese hindurch zu ermöglichen; und
wobei, wenn die Öffnung (40, 48) der Ventiltrom-
mel (38, 46) mit den Öffnungen der ersten und
zweiten Dichtungsanordnung ausgerichtet ist,
Gas ermöglicht wird, durch die Ventilanordnung
(39, 47) zu strömen.

2. Ventilanordnung (39, 47) nach Anspruch 1, wobei
die Ventiltrommel (38, 46) ferner einen ersten Wel-
lenstumpf (94), der sich von einer vorderen Endflä-
che der Ventiltrommel (38, 46) erstreckt, und einen
zweiten Wellenstumpf (96) einschließt, der sich von
einer hinteren Endfläche der Ventiltrommel (38, 46)
erstreckt.

3. Ventilanordnung (39, 47) nach Anspruch 2, wobei
der erste und der zweite Wellenstumpf (94, 96) zu-
sammenpassende mechanische Ausrichtmittel ein-
schließen, um ein Drehmoment zwischen zwei an-
grenzenden Ventiltrommeln (38, 46) zu übertragen
und eine bestimmte Winkelbeziehung dazwischen
aufrechtzuerhalten.

4. Ventilanordnung (39, 47) nach Anspruch 1, die fer-
ner eine erste Dichtung, die in der ersten axial aus-
gerichteten Öffnung (104) angeordnet ist, und eine
zweite Dichtung einschließt, die in der zweiten axial
ausgerichteten Öffnung (106) angeordnet ist, um ei-
ne Abdichtung der Öffnungen bereitzustellen.

5. Ventilanordnung (39, 47) nach Anspruch 1, wobei
jede der ersten und zweiten Dichtungsanordnungen
ferner eine mit der Dichtung verbundene Stützplatte
(120) einschließt.

6. Ventilanordnung (39, 47) nach Anspruch 5, die fer-
ner erste und zweite Ringdichtungen (124) ein-
schließt, wobei die erste Ringdichtung (124) zwi-
schen der ersten Dichtungsanordnungsstützplatte
(120) und einer ersten Abdeckung (126) der Venti-
lanordnung (39, 47) angeordnet ist und die zweite
Ringdichtung (124) zwischen der zweiten Dich-
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tungsanordnungsstützplatte (120) und einer zweiten
Abdeckung (126) der Ventilanordnung (39, 47) an-
geordnet ist.

7. Ventilanordnung (39, 47) nach Anspruch 5, die fer-
ner erste und zweite Ringdichtungen (124) ein-
schließt, wobei die erste Ringdichtung (124) um ei-
nen ersten erhöhten Steg der ersten Dichtungsan-
ordnungsstützplatte (120) angeordnet ist und die
zweite Ringdichtung (124) um einen zweiten erhöh-
ten Steg der zweiten Dichtungsanordnungsstütz-
platte (120) angeordnet ist.

8. Ventilanordnung (39, 47) nach Anspruch 7, wobei
die erste Ringdichtung (124) zwischen der ersten
Dichtungsanordnungsstützplatte (120) und einem
unteren Abschnitt (58) eines Zylinderkopfs (28) an-
geordnet ist und die zweite Ringdichtung (124) zwi-
schen der zweiten Dichtungsanordnungsstützplatte
(120) und einem oberen Abschnitt (60) des Zylinder-
kopfs (28) angeordnet ist.

9. Ventilanordnung (39, 47) nach Anspruch 6, wobei
die erste Dichtungsanordnungsstützplatte (120) und
die erste Abdeckung (126) jeweils eine Ausnehmung
zur Aufnahme der ersten Ringdichtung (124) und die
zweite Dichtungsanordnungsstützplatte (120) und
die zweite Abdeckung (126) jeweils eine Ausneh-
mung zur Aufnahme der zweiten Ringdichtung (124)
einschließen.

10. Ventilanordnung (39, 47) nach Anspruch 8, wobei
der untere Abschnitt und der obere Abschnitt jeweils
eine innere Aussparung zur Aufnahme der ersten
und zweiten erhöhten Stege darin und eine äußere
Aussparung zur Aufnahme der ersten und zweiten
Ringdichtung (124) darin einschließen.

11. Ventilschaft (80A, 80B), der durch Zusammenkup-
peln einer Vielzahl von Ventilanordnungen (39, 47)
nach irgendeinem der Ansprüche 1 bis 10 gebildet
wird.

12. Zylinderkopfanordnung (28), umfassend:

zumindest eine Einlassventilanordnungsta-
sche, die durch obere und untere Zylinder-
kopfabschnitte (60, 58) definiert ist, und zumin-
dest eine Abgasventilanordnungstasche, die
durch die oberen und unteren Zylinderkopfab-
schnitte (60, 58) definiert ist;
zumindest eine Einlassventilanordnung (39),
die in der zumindest einen Einlassventilanord-
nungstasche angeordnet ist, und zumindest ei-
ne Abgasventilanordnung (47), die in der zumin-
dest einen Abgasventilanordnungstasche an-
geordnet ist, wobei die zumindest eine Einlass-
ventilanordnung (39) und die zumindest eine

Abgasventilanordnung (47) jeweils nach ir-
gendeinem der Ansprüche 1 bis 10 konfiguriert
sind:

ein Gehäuse (83) mit einem inneren Hohl-
raum (109), einer offenen Oberseite (108)
und einer offenen Unterseite (110), wobei
die offene Oberseite (108) und die offene
Unterseite (110) in Fluidverbindung mit dem
inneren Hohlraum (109) stehen;
eine Ventiltrommel (38, 46), die in dem in-
neren Hohlraum (109) angeordnet und für
eine Drehung darin geeignet ist, wobei die
Ventiltrommel (38, 46) eine ringförmige Um-
fangsoberfläche (84) und eine Öffnung auf-
weist, die sich quer durch sie hindurch er-
streckt und mit der Umfangsoberfläche (84)
auf gegenüberliegenden Seiten in Verbin-
dung steht;
eine erste Dichtungsanordnung (112), die
in der offenen Oberseite (108) angeordnet
ist, und eine zweite Dichtungsanordnung
(112), die in der offenen Unterseite (110)
angeordnet ist, wobei die ersten und zwei-
ten Dichtungsanordnungen jeweils eine
Dichtung mit einer Abdichtungsoberfläche
in passendem Eingriff mit der Umfangso-
berfläche (84) und einer sich durch diese
hindurch erstreckenden Öffnung einschlie-
ßen, wobei die Öffnung eine Größe und
Form aufweist, die im Wesentlichen gleich
der Öffnung in der Ventiltrommel (38, 46)
ist, um einen Strom durch diese hindurch
zu ermöglichen; und
wobei, wenn die Öffnung der Ventiltrommel
(38, 46) mit den Öffnungen der ersten und
zweiten Dichtungsanordnung ausgerichtet
ist, Gas ermöglicht wird, durch die Ventila-
nordnung (39, 47) zu strömen.

13. Zylinderkopfanordnung (28) nach Anspruch 12, wo-
bei die Zylinderkopfanordnung (28) ferner eine Ver-
brennungskammer einschließt, die eine Einlassöff-
nung und eine Abgasöffnung, einen Einlassan-
schluss (34) und einen Abgasanschluss aufweist,
wobei die zumindest eine Einlassventilanordnung
(39) zwischen der Einlassöffnung und dem Einlass-
anschluss (34) angeordnet ist und die zumindest ei-
ne Abgasventilanordnung (47) zwischen der Abgas-
öffnung und dem Abgasanschluss angeordnet ist.

14. Zylinderkopfanordnung (28) nach Anspruch 12, wo-
bei jede der zumindest einen Einlassventilanord-
nung (39) und der zumindest einen Abgasventilan-
ordnung (47) ferner eine erste Stützplatte (120), die
mit der ersten Dichtung verbunden ist, und eine zwei-
te Stützplatte (120) aufweist, die mit der zweiten
Dichtung verbunden ist.

15 16 



EP 3 682 094 B1

10

5

10

15

20

25

30

35

40

45

50

55

15. Zylinderkopfanordnung (28) nach Anspruch 14, wo-
bei jede der zumindest einen Einlassventilanord-
nung (39) und der zumindest einen Abgasventilan-
ordnung (47) ferner erste und zweite Ringdichtun-
gen (124) einschließt, wobei die erste Ringdichtung
(124) zwischen der ersten Dichtungsanordnungs-
stützplatte (120) und einer ersten Abdeckung (126)
der Ventilanordnung (39, 47) angeordnet ist und die
zweite Ringdichtung (124) zwischen der zweiten
Dichtungsanordnungsstützplatte (120) und einer
zweiten Abdeckung (126) der Ventilanordnung (39,
47) angeordnet ist.

Revendications

1. Ensemble de vannes (39, 47), comprenant :

un boîtier (83) configuré pour être reçu dans une
culasse (57) d’un moteur, le boîtier (83) présen-
tant une cavité interne (109), un dessus ouvert
(108), un fond ouvert (110), et des première et
seconde ouvertures espacées et alignées axia-
lement (104, 106), le dessus ouvert (108), le
fond ouvert (110) et les ouvertures alignées
axialement (104, 106) étant en communication
fluidique avec la cavité interne (109) ;
un corps de vanne (38, 46) positionné dans la
cavité interne (109) en glissant à travers les
ouvertures alignées axialement (104, 106) et
adapté pour tourner à l’intérieur, le corps de van-
ne (38, 46) présentant une surface périphérique
annulaire (84) et une ouverture (40, 48) s’éten-
dant transversalement à travers celle-ci et com-
muniquant avec la surface périphérique (84) sur
des côtés opposés ;
un premier ensemble de joints (112) positionné
dans le dessus ouvert (108) et un second en-
semble de joints (112) positionné dans le fond
ouvert (110), dans lequel les premier et second
ensembles de joints (112) comportent chacun
un joint (114) présentant une surface d’étan-
chéité (116) en prise d’accouplement avec la
surface périphérique (84) et une ouverture (118)
s’étendant à travers celle-ci, l’ouverture (118)
présentant une taille et une forme sensiblement
égales à l’ouverture (40, 48) dans le corps de
vanne (38, 46) pour permettre l’écoulement à
travers celui-ci ; et
dans lequel lorsque l’ouverture (40, 48) du corps
de vanne (38, 46) est alignée avec les ouvertu-
res des premier et second ensembles de joints,
le gaz peut s’écouler à travers l’ensemble de
vannes (39, 47).

2. Ensemble de vannes (39, 47) selon la revendication
1, dans lequel le corps de vanne (38, 46) comprend
en outre un premier arbre de liaison (94) s’étendant

depuis une face d’extrémité avant du corps de vanne
(38, 46) et un second arbre de liaison (96) s’étendant
depuis une face d’extrémité arrière du corps de van-
ne (38, 46).

3. Ensemble de vannes (39, 47) selon la revendication
2, dans lequel les premier et second arbres de liaison
(94, 96) comportent des moyens d’alignement mé-
canique d’accouplement pour transférer le couple
entre deux corps de vanne adjacents (38, 46) et
maintenir une relation angulaire spécifique entre
eux.

4. Ensemble de vannes (39, 47) selon la revendication
1, comportant en outre un premier joint positionné
dans la première ouverture alignée axialement (104)
et un second joint positionné dans la seconde ouver-
ture alignée axialement (106) pour assurer l’étan-
chéité des ouvertures.

5. Ensemble de vannes (39, 47) selon la revendication
1, dans lequel chacun des premier et second en-
sembles de joints comporte en outre une plaque
d’appui (120) reliée au joint.

6. Ensemble de vannes (39, 47) selon la revendication
5, comportant en outre des premier et second joints
annulaires (124), dans lequel le premier joint annu-
laire (124) est positionné entre la plaque d’appui du
premier ensemble de joints (120) et un premier cou-
vercle (126) de l’ensemble de vannes (39, 47) et le
second joint annulaire (124) est positionné entre la
plaque d’appui (120) du second ensemble de joints
et un second couvercle (126) de l’ensemble de van-
nes (39, 47).

7. Ensemble de vannes (39, 47) selon la revendication
5, comportant en outre un premier et un second joints
annulaires (124), dans lequel le premier joint annu-
laire (124) est positionné autour d’une première arê-
te surélevée de la plaque d’appui du premier ensem-
ble de joints (120) et le second joint annulaire (124)
est positionné autour d’une seconde arête surélevée
de la plaque d’appui du second ensemble de joints
(120).

8. Ensemble de vannes (39, 47) selon la revendication
7, dans lequel le premier joint annulaire (124) est
positionné entre la plaque d’appui du premier en-
semble de joints (120) et une section inférieure (58)
d’une culasse (28) et le second joint annulaire (124)
est positionné entre la plaque d’appui du second en-
semble de joints (120) et une section supérieure (60)
de la culasse (28) .

9. Ensemble de vannes (39, 47) selon la revendication
6, dans lequel la plaque d’appui du premier ensem-
ble de joints (120) et le premier couvercle (126) com-
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portent chacun un évidement pour recevoir le pre-
mier joint annulaire (124) et la plaque d’appui du se-
cond ensemble de joints (120) et le second couvercle
(126) comportent chacun un évidement pour rece-
voir le second joint annulaire (124).

10. Ensemble de vannes (39, 47) selon la revendication
8, dans lequel la section inférieure et la section su-
périeure comportent chacune un évidement interne
pour y recevoir les première et seconde arêtes su-
rélevées et un évidement externe pour y recevoir les
premier et second joints annulaires (124).

11. Arbre de vanne (80A, 80B) formé en couplant en-
semble une pluralité d’ensembles de vannes (39,
47) selon l’une quelconque des revendications 1 à
10.

12. Ensemble de culasses (28), comprenant :

au moins une poche de l’ensemble de vannes
d’admission définie par les sections de culasse
supérieure et inférieure (60, 58) et au moins une
poche de l’ensemble de vannes d’admission et
d’échappement définie par les sections de cu-
lasse supérieure et inférieure (60, 58) ;
au moins un ensemble de vannes d’admission
(39) positionné dans l’au moins une poche de
l’ensemble de vannes d’admission et au moins
un ensemble de vannes d’échappement (47)
positionné dans l’au moins une poche de l’en-
semble de vannes d’échappement, l’au moins
un ensemble de vannes d’admission (39) et au
moins un ensemble de vannes d’échappement
(47), chacun étant configuré selon l’une quel-
conque des revendications 1 à 10 :

un boîtier (83) présentant une cavité interne
(109), un dessus ouvert (108) et un fond
ouvert (110), le dessus ouvert (108) et le
fond ouvert (110) étant en communication
fluidique avec la cavité interne (109);
un corps de vanne (38, 46) positionné dans
la cavité interne (109) et adapté pour tour-
ner à l’intérieur, le corps de vanne (38, 46)
présentant une surface périphérique annu-
laire (84) et une ouverture s’étendant trans-
versalement à travers celle-ci et communi-
quant avec la surface périphérique (84) sur
les côtés opposés ;
un premier ensemble de joints (112) posi-
tionné dans le dessus ouvert (108) et un
second ensemble de joints (112) positionné
dans le fond ouvert (110), dans lequel les
premier et second ensembles de joints
comportent chacun un joint présentant une
surface d’étanchéité en prise d’accouple-
ment avec la surface périphérique (84) et

une ouverture s’étendant à travers elle,
l’ouverture présentant une taille et une for-
me sensiblement égales à l’ouverture dans
le corps de vanne (38, 46) pour permettre
un écoulement à travers celui-ci ; et
dans lequel lorsque l’ouverture du corps de
vanne (38, 46) est alignée avec les ouver-
tures des premier et second ensembles de
joints, le gaz peut s’écouler à travers l’en-
semble de vannes (39, 47).

13. Ensemble de culasses (28) selon la revendication
12, dans lequel l’ensemble de culasses (28) com-
porte en outre une chambre de combustion présen-
tant une ouverture d’admission et une ouverture
d’échappement, un orifice d’admission (34) et un ori-
fice d’échappement, l’au moins un ensemble de van-
nes d’admission (39) étant positionné entre l’ouver-
ture d’admission et l’orifice d’admission (34) et l’au
moins un ensemble de vannes d’échappement (47)
étant positionné entre l’ouverture d’échappement et
l’orifice d’échappement.

14. Ensemble de culasses (28) selon la revendication
12, dans lequel chacun de l’au moins un ensemble
de vannes d’admission (39) et de l’au moins un en-
semble de vannes d’échappement (47) comporte en
outre une première plaque d’appui (120) reliée au
premier joint et une seconde plaque d’appui (120)
reliée au second joint.

15. Ensemble de culasses (28) selon la revendication
14, dans lequel chacun de l’au moins un ensemble
de vannes d’admission (39) et au moins un ensem-
ble de vannes d’échappement (47) comportent en
outre un premier et un second joints annulaires
(124), dans lequel le premier joint annulaire (124)
est positionné entre la plaque d’appui du premier
ensemble de joints (120) et un premier couvercle
(126) de l’ensemble de vannes (39, 47) et le second
joint annulaire (124) est positionné entre la plaque
d’appui du second ensemble de joints (120) et un
second couvercle (126) de l’ensemble de vannes
(39, 47).
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